GENETIC ASPECTS OF CD6
CD6 is located on chromosome 11 adjacent to CD5, which encodes a homologous lymphocyte surface glycoprotein. Both CD6 and CD5 are expressed by most mature T cells and a B cell subset. The molecular mass of CD6 is 105-130 kDa, which reflects variable glycosylation and the existence of multiple isoforms generated by alternative splicing of the CD6 transcript. The extracellular portion of CD6 includes 3 scavenger receptor domains, whereas the intracellular portion, although devoid of kinase activity, has sites for the phosphorylation and recruitment of signal transduction proteins.
In 2009, CD6 was identified as a susceptibility locus in multiple sclerosis 2 , and more recently, CD6 was identified as a susceptibility locus in Behcet's disease. 3 Epigenetic regulation of CD6 expression is implied by its progressive upregulation during thymocyte maturation. Hypomethylation of CD6 in an autoimmune disease has been shown in the vasculitic lesions of giant cell arteritis, together with hypomethylation of various other genes related to T cell activation and effector T cell differentiation. 4 In their recent paper, Consegua-Fernandez and colleagues now provide evidence that CD6 is a severity gene in psoriasis. CD6-associated single nucleotide polymorphisms controlled the extent and severity of skin involvement and the incidence of psoriatic arthritis in a cohort of psoriasis patients. 1 It will now be important to undertake functional genomic studies to elucidate the mechanisms underlying these observations, which could include regulation of CD6 expression and perhaps differential utilization of alternative splicing to generate an altered balance of CD6 isoforms.
ROLES OF CD6 IN LYMPHOCYTE ACTIVATION
Although there is some evidence that CD6 can augment signal transduction through the T cell receptor complex 5, 6 , recent studies in CD6-deficient mice indicate that CD6 attenuates the early stages of T cell activation but also enhances Th1 and Th17 CD4 effector cell differentiation. 7 The cytoplasmic region of CD6 can be phosphorylated by multiple kinases 5, 8 , and many details of how CD6 participates in T cell signaling remain unclear, including the positioning of CD6 with respect to the "immunological synapse" formed through contact of the T cell with an antigen-presenting cell (APC). There is also evidence for a role of CD6 in thymic selection 9, 10 and in signaling events in CD6+ B cells.
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CD6 LIGANDS-CD166 AND CD318 CD166, also known as ALCAM (activated leucocyte cell adhesion molecule), was the first endogenous ligand of CD6 to be identified. 12 CD166, a member of the immunoglobulin gene superfamily, is widely expressed on cells of the immune system, including activated T and B lymphocytes, and on many types of mesenchymal, epithelial, and endothelial cells in various organs and tissues. Indications that a second ligand of CD6 might exist arose initially from functional studies in which T cell adhesion to keratinocytes or synovial fibroblasts was found to be dependent on CD6 but not on CD166. 13, 14 Moreover, these interactions involved a CD6-ligand whose expression was increased by cellular exposure to gamma-interferon, a cytokine that does not upregulate CD166. Subsequently, a monoclonal antibody was generated against gamma-interferon-treated synovial fibroblasts that identified a 130 kDa molecule that was also bound to a CD6-Ig fusion protein. 15 This molecule was recently shown to be CD318, and CD318 has now been established as a second ligand of CD6 by multiple biochemical and molecular approaches. CD318 is expressed by a variety of tissue cell types with which T cells interact in organ-targeted autoimmune diseases, but it is not expressed on cells of the immune system such as lymphocytes and myeloid cells. CD166 and CD318 bind to distinct domains of CD6, and it appears possible that CD6 could bind both ligands concurrently.
16 CD6 can also interact with innate immune stimuli, including both pathogen-associated (such as bacterial peptidoglycans) 17 and damage-associated (such as galectins) 18 stimuli. The functional significance of these binding properties in host defenses is not yet well understood.
IMPORTANCE OF CD6 IN MOUSE MODELS OF AUTOIMMUNITY
Recent data show that CD6-/-mice are protected from the experimental allergic encephalomyelitis (EAE) model of multiple sclerosis (MS). The CD6-deficient mice have both a reduction in the Th1/Th17 response to myelin antigens and decreased infiltration of tissue-damaging immune cells in the central nervous system. 7 The involvement of CD6 itself in EAE was further demonstrated in CD6-/-mice in which a human CD6 transgene was expressed in T cells. When EAE was induced in these mice, its progression was halted by the administration of a mouse antihuman CD6 monoclonal antibody that recognizes domain 1 of CD6-the domain to which CD318 but not CD166 binds. 7 Moreover, CD318-/-mice were robustly protected from EAE 16 , but CD166-/-mice have been reported to have worse EAE than controls. 19 Thus, the role of CD6 in fomenting organ-targeted autoimmunity may specifically reflect CD6 interaction with CD318, which is expressed on key tissue cells in these diseases-neurons and endothelial cells in the brain, synovial fibroblasts in the joint and keratinocytes in the skin [13] [14] [15] [16] . Studies of a variety of other autoimmune models in CD6-/-mice are necessary. Collageninduced arthritis (CIA), a model of rheumatoid arthritis (RA), was reportedly worsened in CD6-/-mice 10 , but that work was performed using the C57Bl strain in which an attenuated form of CIA is observed 10 ; data from the DBA strain in which induction of CIA is robust and optimal will be of interest.
Consuega-Fernandez and colleagues also report observations in an imiquimod-induced mouse model of psoriasis, in which attenuated disease was observed in CD6-/-mice. As in the EAE studies mentioned above, reduction of the pathogenic Th1/Th17 response was observed.
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CD6 BLOCKADE-DATA FROM CLINICAL TRIALS IN HUMANS
In 1980s, an IgM anti-CD6 was tested in clinical trials on MS 20 and allograft rejection 21 , but the small size and uncontrolled design of those studies precluded determination of therapeutic efficacy. More recently, an anti-CD6 monoclonal antibody termed itolizumab has been extensively studied in humans with psoriasis and was demonstrated to be of significant clinical benefit 22 , leading to approval for treatment of psoriasis in India. Anti-CD6 monoclonal antibodies do not significantly deplete T cells in vivo 7 , likely due to capping and internalization of CD6/anti-CD6 before cytotoxic effector mechanisms can be mobilized, and this lack of cell depletion could lead to a safety advantage for CD6-directed monoclonals.
FUTURE DIRECTIONS
The new evidence for CD6 as a key molecule in the pathogenesis of some autoimmune diseases should prompt investigation of a wider range of human and rodent model T-cell-driven conditions to determine how extensive the importance of CD6 and its ligands might be across the broader spectrum of pathogenic autoimmunity. CD6, CD166, and CD318 all exist in soluble and transmembrane forms, and the soluble forms may also be important in disease. For example, sCD318 is elevated in synovial fluid from patients with RA and juvenile inflammatory arthritis (JIA) and is chemotactic for T cells at concentrations similar to the levels in the synovial fluid of inflamed joints. 16 A novel ligand of CD166 (ILT3-immunoglobulin-like transcript 3) was recently described that, like CD6, is also expressed on T cells 23 ; whether these two T cell receptors for CD166 function cooperatively or antagonistically is yet to be determined.
Importantly, the success of an anti-CD6 monoclonal antibody in the treatment of psoriasis seems likely to spur the testing of this and other CD6-targeting biologics in an expanding spectrum of human immune-mediated diseases. 
